Introduction
============

In Korea, the proportion of pregnant women with advanced maternal age (35 years and older) is increasing \[[@B1]\]. The risk of aneuploidy of chromosomes 21, 18, and 13 has increased along with this increase in maternal age \[[@B2]\]. Traditionally, invasive prenatal diagnosis was offered based on maternal age alone. However, the detection rate of trisomy 21 based on maternal age alone is poor, and invasive prenatal diagnosis may cause pregnancy loss \[[@B3]\]. With the development of second-trimester serum screening and the more efficient first-trimester serum screening tests, the American College of Obstetricians and Gynecologists (ACOG) recommended in 2007 that all pregnant women be offered screening and invasive diagnostic testing for aneuploidy regardless of their age \[[@B4]\]. This statement brought about a change in the mode of counseling by health-care providers in prenatal care, and influenced the rates of serum screening and invasive prenatal diagnosis \[[@B5][@B6]\].

A more accurate noninvasive prenatal testing (NIPT) that uses cell-free fetal DNA in maternal blood has been conducted as a screening test for chromosomal aneuploidy in high-risk pregnancies since 2011 \[[@B7]\]. The sensitivity of NIPT for trisomy 21 is \>99%, and the false-positive rate is very low (\<1%) in high-risk pregnancies \[[@B8]\]. In 2016, ACOG replaced practice bulletin number 77 of January 2007 and recommended that all women should be offered the option of aneuploidy screening, including NIPT or diagnostic testing, ideally at the first prenatal visit \[[@B9]\]. After the introduction of NIPT for aneuploidy screening, the rate of uptake of NIPT started to increase rapidly \[[@B10]\]. Several years after NIPT introduction in other countries, institutions in Korea began using NIPT in clinical practice.

Both the ACOG statement and the advent of NIPT have affected other prenatal screening tests such as first-trimester screening and invasive tests including chorionic villus sampling (CVS) and amniocentesis. However, the rates of prenatal testing in pregnant women in Korea have not yet been reported. In this study, we evaluated the rates of prenatal testing including serum screening, invasive diagnosis, and NIPT in pregnant women aged 35 years and older, during the 12-year period that included the release of the January 2007 ACOG statement and the introduction of NIPT.

Materials and methods
=====================

We conducted a retrospective study to assess the rate of prenatal testing, comprising serum screening (triplet test, quadruple test, or integrated test), CVS, amniocentesis, and NIPT, at a single institution. The data on the number of each prenatal test performed per year in women aged 35 years and older at delivery were extracted from our database for the period from January 2005 through March 2017. Clinical data at delivery have been recorded in a database at our institution since 2005. NIPT was introduced into clinical practice in April 2016. The study period thus included 2 years before the January 2007 ACOG statement and 1 year after the introduction of NIPT. We included only singleton pregnancies in women who had first-trimester ultrasound screening with nuchal translucency (NT), and at least one of the following tests: serum screening, CVS, amniocentesis, or NIPT. We excluded women who did not have a first-trimester NT scan, as our institution is a referral center for women who may have other indications for invasive prenatal diagnosis in addition to advanced maternal age.

Counseling for aneuploidy screening is started in early pregnancy, either before or on the day of the first-trimester ultrasound for NT. Before the introduction of NIPT, most pregnant women were counseled by maternal--fetal specialists. After the introduction of NIPT, clinicians started to discuss all tests for aneuploidy, including integrated test, quadruple test, NIPT, CVS, and amniocentesis. In women who selected NIPT, genetic counselors discussed the risks, benefits, and limitations of screening and diagnostic tests, and obtained informed consent for NIPT. NIPT was used as a first-tier screening test for common aneuploidies, or as a second-tier test in women whose fetus had increased NT in the first trimester, in women judged as having high-risk pregnancies with the serum screening test, or in women with soft markers in the second-trimester ultrasound.

We analyzed the yearly rate of amniocentesis and CVS in the 12-year period from January 2005 to April 2017, and the monthly rates of serum screening, amniocentesis, CVS, and NIPT after the introduction of NIPT. The study was divided into 3 periods: before the ACOG statement, between the ACOG statement and NIPT introduction, and after NIPT introduction. The 12 months after NIPT introduction were again divided into 3 equal quarters: first quarter, April through July 2016; second quarter, August through November 2016; and third quarter, December 2016 through March 2017. We compared the mean rate of all 4 tests between the studied periods. We additionally evaluated the indications for amniocentesis and CVS of whole singleton pregnancies during the same study period.

The average rates of all 4 tests between the periods were compared using one-way analysis of variance. All data are represented as percentages (%), and a value of *P*\<0.05 was considered statistically significant. Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). The Institutional Review Board (IRB) of our institution reviewed this study and waived the requirement for IRB approval because we used only database-extracted material for the analysis.

Results
=======

A total of 11,712 serum screening tests, 7,818 amniocenteses, 417 CVS tests, and 514 NIPTs were performed during the 12-year period in 20,250 women with singleton pregnancies aged 35 years and older.

The yearly rates for serum screening, amniocentesis, and CVS are shown in [Fig. 1](#F1){ref-type="fig"}. The mean rate of amniocentesis in women aged 35 years and older before the January 2007 ACOG statement was almost 60%. It decreased gradually after the ACOG statement, reaching 6.5% in 2017 after the introduction of NIPT in April 2016. The rate of serum screening was lower than that of amniocentesis until 2009; however, from 2010, it increased above the rate of amniocentesis. The yearly rate of CVS was \<1% at the beginning of the study period and increased to 5% just before NIPT introduction, decreasing slightly to around 4% after NIPT introduction.

![Rates of amniocentesis, chorionic villus sampling, and serum screening in singleton pregnant women aged 35 years and older over a 12-year period including the release of the 2007 American College of Obstetricians and Gynecologists statement and the 2016 noninvasive prenatal test introduction.\
ACOG, American College of Obstetricians and Gynecologists; NIPT, noninvasive prenatal test.](ogs-61-453-g001){#F1}

The monthly rates of serum screening, amniocentesis, CVS, and NIPT during the 12 months after the introduction of NIPT are shown in [Fig. 2](#F2){ref-type="fig"}. The rate of serum screening in the first month was 76%, decreasing to 47.9% in the last month of the study period. The rate of amniocentesis was 18.8% in the first month after NIPT introduction and decreased to 6.3% by the last month. In contrast, the rate of NIPT was 4.5% in the first month and increased to 38.9% in the last month. The rate of CVS was similar during the 12-month period after NIPT introduction.

![Rates of amniocentesis, chorionic villus sampling, serum screening, and noninvasive prenatal test in singleton pregnant women aged 35 years and older during the 12 months after the 2016 noninvasive prenatal test introduction.\
NIPT, noninvasive prenatal test.](ogs-61-453-g002){#F2}

The mean rates of amniocentesis and CVS in the 3 periods---before the January 2007 ACOG statement, between the ACOG statement and the April 2016 NIPT introduction, and after NIPT introduction---are shown in [Fig. 3](#F3){ref-type="fig"}. The mean rate of amniocentesis was 56% before the ACOG statement, 38% between the ACOG statement and NIPT introduction, and 10% after NIPT introduction (*P*=0.001) ([Fig. 3A](#F3){ref-type="fig"}). After the release of the ACOG statement, there was a decrease in the rate of amniocentesis of 32.1% from the baseline rate before the ACOG statement. The rate of amniocentesis decreased by 82.1% after the introduction of NIPT. The mean rates of CVS during the 3 periods were 0.5%, 2.1%, and 4.3%, respectively (*P*=0.016) ([Fig. 3B](#F3){ref-type="fig"}). Those of serum screening were 44.2%, 61.3%, and 55.1%, respectively (*P*=0.049).

![Rates of the different prenatal tests among the 3 periods of before the 2007 American College of Obstetricians and Gynecologists statement, between the American College of Obstetricians and Gynecologists statement and noninvasive prenatal test introduction, and after the 2016 noninvasive prenatal test introduction. The mean rates of amniocentesis are shown in (A), chorionic villus sampling in (B), and serum screening in (C). Data are represented as % ±standard deviation.\
ACOG, American College of Obstetricians and Gynecologists; NIPT, noninvasive prenatal test; CVS, chorionic villus sampling.\
^a)^Significantly different from before the American College of Obstetricians and Gynecologists statement (*P*\<0.05); ^b)^Significantly different from the period between the American College of Obstetricians and Gynecologists statement and noninvasive prenatal test introduction (*P*\<0.05).](ogs-61-453-g003){#F3}

The indications for amniocentesis and CVS of singleton pregnancies between the 3 periods---before the January 2007 ACOG statement, between the ACOG statement and the April 2016 NIPT introduction, and after NIPT introduction---are shown in [Table 1](#T1){ref-type="table"}. In amniocentesis, advanced maternal age was the most common indication during the 3 periods. The frequency of advanced maternal age as an indication for amniocentesis was around 60%, although the rate slightly decreased after NIPT introduction (56.1%). For CVS, abnormal ultrasound findings including increased fetal NT at the first trimester were the most common indication during the 3 periods. Advanced maternal age was the second most common indication for CVS, and the frequency of advanced maternal age was around 25%.

###### Indications for amniocentesis and chorionic villus sampling in singleton pregnancies between 3 periods: before the January 2007 American College of Obstetricians and Gynecologists statement, between the 2007 American College of Obstetricians and Gynecologists statement and April 2016 noninvasive prenatal test introduction, and after noninvasive prenatal test introduction

![](ogs-61-453-i001)

  Indications                                            Amniocentesis   CVS                                                  
  ------------------------------------------------------ --------------- -------------- ------------ ----------- ------------ -----------
  Advanced maternal age                                  2,067 (61.7)    7,395 (67.6)   219 (56.1)   11 (29.7)   200 (24.2)   34 (26.1)
  Screening positive for maternal serum markers          802 (23.9)      2,355 (21.5)   116 (29.7)   3 (8.11)    30 (3.6)     3 (2.3)
  Abnormal US findings including IFNT at 1st trimester   308 (9.1)       1,346 (12.3)   40 (10.2)    25 (67.5)   648 (78.4)   87 (66.9)
  Abnormal US findings at 2nd trimester                  170 (5.0)       495 (4.5)      38 (9.7)     \-          \-           \-
  History of fetal anomalies                             98 (2.9)        263 (2.4)      9 (2.3)      4 (10.8)    34 (4.1)     2 (1.5)
  Parental chromosomal abnormality                       19 (0.5)        63 (0.5)       8 (2.0)      4 (10.8)    20 (2.4)     1 (0.7)
  Screening positive on NIPT                             \-              \-             6 (1.5)      \-          \-           3 (2.3)
  Others                                                 117 (3.5)       301 (2.6)      21 (5.6)     \-          1 (0.1)      2 (1.5)
  Total                                                  3,350           10,926         390          37          826          130

Values are presented as number (%). Multiple choices are included. Increased fetal nuchal translucency was diagnosed according to the previously reported criteria of \>95th percentile level of nuchal translucency.

CVS, chorionic villus sampling; ACOG, American College of Obstetricians and Gynecologists; NIPT, noninvasive prenatal test; US, ultrasound; IFNT, increased fetal nuchal translucency.

Finally, we assessed the mean rate of amniocentesis and NIPT during 3 quarters after the April 2016 introduction of NIPT. The mean rate of amniocentesis was significantly decreased from the baseline in the first quarter. The rate of amniocentesis was 16.2% in the first quarter, 12.3% in the second quarter, and 7.3% in the third quarter (*P*=0.002) ([Fig. 4A](#F4){ref-type="fig"}). From the baseline rate in the first quarter, the rate of amniocentesis was decreased by 54.9%. The mean rate of NIPT was 19.9% in the first quarter, 30.3% in the second quarter, and 39.5% in the third quarter (*P*=0.007) ([Fig. 4D](#F4){ref-type="fig"}). The rates of serum screening after NIPT were 62%, 54%, and 46%, respectively (*P*=0.03).

![Rates of the different prenatal tests in the 3 quarters during 1 year after the April 2016 noninvasive prenatal test introduction. The mean rates of amniocentesis are shown in (A), chorionic villus sampling in (B), serum screening in (C), and noninvasive prenatal test in (D). Data represented as % ±standard deviation.\
NIPT, noninvasive prenatal test; CVS, chorionic villus sampling.\
^a)^Significantly different from the first quarter after noninvasive prenatal test (*P*\<0.05); ^b)^Significantly different from the second quarter after noninvasive prenatal test (*P*\<0.05).](ogs-61-453-g004){#F4}

Discussion
==========

We found that amniocentesis was the most commonly performed test for chromosomal abnormalities in women aged 35 years and older before the January 2007 ACOG statement. The rate of amniocentesis decreased gradually after the release of the ACOG statement, and the rate of serum screening increased above the rate of amniocentesis from 2010. Although the introduction of NIPT slightly decreased the rate of serum screening, the serum screening has remained the most common test for chromosomal abnormalities in high-risk pregnancies. NIPT further decreased the rate of amniocentesis to 10%.

In our study, there was a 32.1% decrease in the mean rate of amniocentesis and a 38.7% increase in serum screening since the 2007 ACOG statement. Darnes et al. \[[@B6]\] reported a 19.6% decrease in prenatal diagnostic testing after the 2007 ACOG statement. Their study included patients screened up to 2 years after the ACOG statement, whereas our study evaluated the mean rate in a 9-year period from 2007 to 2016. Thus, the decrease in amniocentesis in this study is greater than that reported by Darnes et al. \[[@B6]\] Although the ACOG statement about screening for aneuploidy regardless of maternal age was introduced in 2007, all clinicians at our institution did not immediately began to offer invasive testing based on maternal age. Over time, the proportion of clinicians at our institution who offered screening or diagnostic tests regardless of maternal age increased gradually, and the rate of amniocentesis decreased. Rose et al. \[[@B11]\] tracked the first-trimester screening method between 2005 and 2011, and amniocentesis from 2001 to 2011. The rate of the first-trimester screening method increased from 12.7% to 44.2% in patients aged 35 years and older, and there was a 65.1% decrease in genetic amniocentesis during their study period. Although the study periods and methods of serum screening in our study differed from those of other studies, we identified the same trends of continuous decrease in amniocentesis and increase in serum screening during the study period.

However, the rate of amniocentesis remained high at 21.6% in this study in 2015 before the 2016 NIPT introduction. The factors that affect the decision to undergo amniocentesis in women of advanced maternal age, despite being judged as having "low-risk" pregnancies based on results of serum screening, are all related to age \[[@B12]\]. NIPT is a highly sensitive and specific test for common aneuploidies in high-risk pregnancies, and can also influence the uptake of invasive prenatal diagnosis and serum screening.

In our study, NIPT further decreased the rate of amniocentesis to 7.3% in the third quarter after NIPT introduction and decreased the rate of serum screening. We evaluated the rates of all prenatal tests during the 1 year period after the introduction of NIPT. Friel et al. \[[@B13]\] reported that invasive genetic testing was not significantly different for women referred at \<14 weeks gestation; however, it decreased the first-trimester screening. Other studies reported a decrease in invasive procedures over a short period (8--9 months) after NIPT introduction \[[@B14][@B15]\]. Larion et al. \[[@B10]\] reported that NIPT became the predominant first-trimester method by the second quarter after its introduction, increasing by 55.0% over a 16-month period. In their study, NIPT was rapidly adopted by high-risk patients, and significantly decreased the alternative prenatal screening and diagnostic test in a short time. The uptake of NIPT among women with high-risk pregnancies in our study increased rapidly; however, the serum screening test was still the predominant method, although the rate of serum screening decreased after NIPT introduction.

This study has other limitations in addition to the retrospective design. We did not evaluate the uptake rate of each test as a primary test for chromosomal aneuploidy, and focused instead on the change in the rate of each test for chromosomal aneuploidy in women of advanced maternal age. We evaluated the indications for amniocentesis and CVS in whole singleton pregnancies during the same study period. We identified that advanced maternal age was the still most common indication for amniocentesis although the frequency of advanced maternal age slightly decreased after NIPT introduction. In contrast to amniocentesis, abnormal findings including increased NT at the first trimester were the most common indications for CVS. We assumed that the increased rate of CVS in this study was due to referrals from other hospitals owing to abnormal results of first-trimester screening tests such as ultrasound and serum screening. The first-trimester screening for chromosomal aneuploidy was more generalized during the study period, and it might have contributed to the increased use of CVS. The rate of abnormal results of serum screening as an indication for amniocentesis was around 25%. Although it would have been possible to include some women who received multiple tests such as serum screening, NIPT, and invasive diagnosis, the results of decreased invasive diagnosis and increased NIPT might not have changed irrespective of whether we excluded those women who had other reasons for invasive diagnosis besides advanced maternal age. We also could not evaluate the detailed clinical characteristics of the study population.

In conclusion, this is the first study to report the rates of prenatal tests in women aged 35 years and older over a long period including the release of the 2007 ACOG statement and the introduction of NIPT in Korea. We identified that the ACOG statement and NIPT both decreased the rate of invasive testing. In contrast to the decrease in invasive testing, the rate of NIPT in high-risk pregnancies increased rapidly in a short time. However, the serum screening test is still the predominant screening method for common chromosomal abnormalities. NIPT has the benefit of preventing pregnancy loss by decreasing unnecessary invasive diagnosis; however, its cost-effectiveness remains to be evaluated.
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